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THE ABSENCE OF LIBERATION OR ABSORPTION OF
ELECTRONS DURING A CHANGE FROM THE CONDUCTING TO THE NON-CONDUCTING STATE.
L. E DODD.

Metallic selenium in the crystalline form is an electrical conductor. In the amorphous form, which may be produced by
melting a selenium crystal, the substance is an electrical insulator. If, as supposed, electrical conductivity in metals is due
to fre~ electrons, then in the change from the conducting to the
non-conducting state there mus.t be a disappearance of free electrons. · This disappearance could be accounted for by a liberation of electrons into the space surrounding the substance, or by
a recombination of free electrons with positive residues to form
the neutral molecules of the insulator. In this paper is described
an experiment to tes,t th~ question of liberation of electrons during a change from the conducting to the non-conducting state.
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Fm. 15.-D!agram showing melting of selenium crystals.
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.EXPECTED MAGNl

Crystals of metallic selenium, S, figure 15, were placed in a
metallic cup,· C, att.ached to the vertical rod of a delicate elec~
troscope, E. To melt the selenium a lens, L, for focussing the
sun's rays on the crystals, was employed; a flame would have
been undesirable in this experiment because of its high ionizing
power. With the rays shut off the eiectroscope was negatively
charged. The focus of rays was then applied to the crystals,
which soon began to melt, and in a short time fully 80% of the
crystal mass had changed to the amorphous form. The time required and the change of electroscope deflection· were carefully
noted. The cup was then cleared of the whole mass, the elecrtroscope again negatively charged, and the sun's rays focussed as
before, this time falling on the mefal of the cup. The change
in deflection was noted for th\) same time as previously required
for the change of state. This was done also a second time. Thus
there were two values for change in deflection to compare with
the first result. If no important difference should apptiiir be-.
tween these last two deflection changes and the change during
the melting of the crystals, the conclusion would naturally follow that the change in state contributes of itself no appreciable
charge to that already on the electroscope.
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NUMERICAL RESULTS.

Considering the small ~
of 1.3 coulombs, or even
have escaped notice.

Total mass of crystals .....•...·.....•......... 0.0142 grams.
Mass of Se changing to amorphous form ...... 0.01136 grams.
·Time consumed during change of state ........ 3% mins.
Readings of electroscope scale:
At beginning of change of state ...... , ..... 62 divs.
At end of change of state ................. 21 divs.
Difference. in deflections .....•........... 41 divs.
Readings of scale after removal of crystals from cup:
First Trial.
Beginning •••.......•.. 61
End •.•...•.•....•••... 27

With a choice of metal
experimentation, there is
matter either liberates 01
cident to a change from
state.
The result of the exper
of recombination betweeIJ
metallic conductors, wfil,
place in a manner somew
following after ionizatioIJ
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that they are permanent]
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Second Trial.
Beginning ..•.••...•.•. 37
End •................. -2

Difference ........... 34
Difference ........... 39
(Time during these trials, 3% min., a.s in the first case.)

The two trial readings ':indicate no important difference in
change of deflection from that obtained during the change of
state. Hence the conclusion that the state change has contributed
no appreciable charge.
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_EXPECTED MAGNITUDE OF LIBERATED CHARGE.

In this connection it is of value to deal numerically with the
question as to the magnitude of_ the charge that might be expected to 'be liberated by the change of state. In the light of
present knowledge of electrons there are reasons for assuming
that in a conductor at least one free electro;r;_ exists for every
atom. (See Jeans, Electricity and Magnetism, Second Edition,
p. 545.) If in the change from a conductor to an insulator by a·
change of state the free electrons disappear by escaping from
the parent matter entirely, rather than by recombination with
the positive residues distributed throughout the mass. of matter,
we should look for a liberated charge corresponding to one
free electron for evE)ry atom. Referring to the p.resent experiment we are therefore justified in considering a liberation of
at least one free electron for every ten atoms. We proceed with
computations as follows :
No. atoms per gr-atom any element ...... 6.02x10'"
Atomic weight of selenium............ 79
For selenium there are ................. 7.6xl0 21 atoms/gr.
7.6xl0 21 atoms/gr. X 0.01136gr.......... =8.6336xl019 atoms.
Assuming 1 free electron for
each 10 atoms, ................ ·...... n=8.6336xl0 12 electrons
Total charge is ne ·(e=4.65x10-10e.s.u.) ... , ='4.0146xio• e. s. u.
Since 3xlO•e.s.u=l coulomb, we have ..... 1.3 coulombs

Considering the small capacity of the electroscope, this charge
of 1.3 coulombs, or even a very small fraction of it, could not
have escaped notice.
CONCLUSION.

With a choice of metallic selenium as a suitable substance for
experimentation, there is found no experimental evidence that
matter either liberates or abs<:Jrbs electrons during processes incident to a change from the conducting to the non-conducting
state.
The result of the experiment throws emphasis upon the theory
of recombination between "free" elootrons and parent atoms in
metallic conductors, which process must be supposed to take
place in a manner somewhat similar to the known recombination
following after ionization of gases,. Initial conceptions of ''free
electrons" in metallic conductors rather inclined to the view
that they are permanently free, as far as the individual atoms
in the metallic masses are concerned, although retained within
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these masses. Recent developments, especially regarding the
metal selenium, (Dr. F. C. Brown, Physical Review, May, 1915,
p. 395) lead to the view that the "free" electrons are only temporarily and probably only to a limited degree free. It appears
that under different conditions of pressure and intensity of
illumination, the ,electrons taking part in electrical conduction
have different degrees of freedom from the parent atomic structure. The pres!lnt experiment was suggested in the light of
Dr. Brown's results. (Loe. cit.) Its outcome appears to support the particular view to which he has been led, of the action
of conducting electrons in metals.
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